In order to study the influence of three-grid assembly thermal deformation caused by heat accumulation on breakdown times and an ion extraction process, a hot gap test and a breakdown time test are carried out to obtain thermal deformation of the grids when the thruster is in 5 kW operation mode. Meanwhile, the fluid simulation method and particle-in-cell-Monte Carlo collision (PIC-MCC) method are adopted to simulate the ion extraction process according to the previous test results. The numerical calculation results are verified by the ion thruster performance test. The results show that after about 1.2 h operation, the hot gap between the screen grid and the accelerator grid reduce to 0.25-0.3 mm, while the hot gap between the accelerator grid and the decelerator grid increase from 1 mm to about 1.4 mm when the grids reach thermal equilibrium, and the hot gap is almost unchanged. In addition, the breakdown times experiment shows that 0.26 mm is the minimal safe hot gap for the grid assembly as the breakdown times improves significantly when the gap is smaller than this value. Fluid simulation results show that the plasma density of the screen grid is in the range 6×10
-6×10
18 m 13 and displays a parabolic characteristic, while the electron temperature gradually increases along the axial direction. The PIC-MCC results show that the current falling of an ion beam through a single aperture is significant. Meanwhile, the intercepted current of the accelerator grid and the decelerator grid both increase with the change in the hot gap. The ion beam current has optimal perveance status without thermal deformation, and the intercepted current of the accelerator grid and the decelerator grid are 3.65 mA and 6.26 mA, respectively. Furthermore, under the effect of thermal deformation, the ion beam current has over-perveance status, and the intercepted current of the accelerator grid and the decelerator grid are 10.46 mA and 18.24 mA, respectively. Performance test results indicate that the breakdown times increase obviously. The intercepted current of the accelerator grid and the decelerator grid increases to 13 mA and 16.5 mA, respectively, due to the change in the hot gap after 1.5 h operation. The numerical calculation results are well consistent with performance test results, and the error comes mainly from the test uncertainty of the hot gap.
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Introduction
A 300 mm-diameter Lanzhou ion propulsion system, LIPS-300, is a high power, high thrust ion thruster that has been designed for the new generation of large-scale truss-type satellite platforms in China [1] . A three-grid assembly structure consisting of a screen grid, an accelerator grid and a decelerator grid of the thruster has been designed for ion extraction and ion acceleration. During the operation of the ion thruster, the temperature of the grids increases gradually due to heat transfer, heat radiation and charged particle energy deposition. The thermal deformation, because of increased temperature, will lead to frequent breakdown and ion beam focusing performance variation of the grids ( figure 1(a) shows the breakdown mark of 30 cm grids assembly and indicates that the breakdown mainly happens in the central area). Frequent breakdown influences the reliability of the PPU (power process unit) for the impact on the power components by large current and breakdown last time. Changes in beam focusing performance will reduce the lifetime of the ion thruster for serious ion erosion of the grids (figure 1(b) shows central area corrosion of accelerator grid holes in a 1500 h short lifetime test of the LIPS-300 ion thruster).
According to the research conclusions of the NASA Solar Electric Propulsion Technology Application Readiness (NSTAR) ion thruster, the in-orbit service life and the start-up time of an ion thruster are determined by the accelerator grid, and a critical dimension that directly affects service life is the gap between the grids [2, 3] . The design parameters of the grids such as aperture size, perveance factor and electric field are the characteristic parameters that influence the ion extraction process. The hot gap change will influence the reliability of the thruster directly (according to NSTAR ion thruster's test results, the breakdown frequency of the grids increases significantly when the hot gap drops below 0.2 mm). Thermal expansion can cause hot gap change of the grids as the edge of the grids are fixed to the main structure of the thruster. If metallic material is used in the grid manufacture, the hot gap change would be significant, caused by the thermal expansion effect, which would further cause a series of disadvantage factors such as contact breakdown, ion beam focus performance degrades and CEX ion sputtering frequency increase [4] . The cumulative numbers of NSTAR ion thruster breakdown times between the screen grid and the accelerator grid [5] are shown in figure 1(c) . The breakdown frequency is higher in the early work stage of the thruster (the average is about seven times per hour from 0 to 200 h) than in the later work stage (the average is about once per hour from 800 to 1000 h).
In the performance test process of the NSTAR ion thruster, the thruster work power was set to 2.3 kW (full power status) and the breakdown occurred frequently at the center of the screen grid and the accelerator grid in the first 5 min [3] . Thermal deformation of the screen grid is much bigger than the accelerator grid of the hot gap change curve during the start-up process of the ion thruster. The reason for this phenomenon is that the thermal capacity of the screen grid is much less due to its higher opening area compared to the accelerator grid. This further causes the temperature of the screen grid to change rapidly and the hot gap gradually narrows for large thermal deformation of the screen grid, which finally causes a breakdown between the grids. The hot gap between the screen grid and the accelerator grid is maintained at about 0.3 mm, which is bigger than the safe hot gap of the NSTAR ion thruster (about 0.2 mm) in thermal equilibrium. Therefore, the breakdown phenomenon is almost eliminated. Some domestic researchers have studied the thermal deformation and ion beam extraction process of the grids separately [6, 7] . However, this research has not studied the relationship between the thermal deformation and ion extraction processes, and there is no experimental verification yet.
This paper analyzes the influence on the ion beam extraction process of the LIPS-300 ion thruster using a 30 cm diameter three-grid assembly, especially the accelerator grid, which mostly influences the lifetime. A fluid simulation method and PIC-MCC (particle-in-cell-Monte Carlo collision) method are used to simulate the ion beam extraction variation in different grid hot gaps obtained from the thermal deformation test. Finally, an operation performance test is carried out to validate the PIC-MCC results.
Previous test results

Hot gap test
A grid hot gap measurement method is designed in this paper. The method is mainly based on Soulas's work in 2004 [3] , and the measurement method is further improved in this study.
An alumina pin is made to measure the hot gap change, which is divided into two parts. The diameter of the bottom part is 8 mm at a height of 2 mm, and the diameter of the upper part is 0.8 mm at a height of 4 mm. There are three through-holes with a diameter of 1 mm on the alumina pin with interval angle of 120°. The alumina pin is fixed to the screen grid by a thin steel wire and the fixture with pin covered about 8-9 holes of the screen grid after installation. The pin is designed to keep a small thermal mass to reduce the impact on the thermal behaviors of the grids.
A camera is used for the hot grid gap test to capture the image of the hot grid gap changes. The camera is covered with aluminum foil to prevent heat radiation from the thruster and to keep the camera operating properly under the plasma environment. To measure the grid hot gap, a thin steel wire is used to join the alumina pin and the screen grid, which is different from the screw fixture method [3] , and avoids the possible smallest grid gap when the screw head protrudes into the interior of the grid gap. In the test, a LIPS-300 ion thruster is operated at 5 kW without beam extraction. Two photographs are taken by the camera in the initial status and the stable operating status after 2 h. By comparing the location change of the pin, the thermal deformation displacement of the grids can be obtained. Figure 2 (a) shows the alumina pin installed on the screen grid and the pinhead protruding out of the accelerator grid surface, while figure 2(b) shows alumina pin's location after 2 h of operations without ion beam extraction. In earlier studies, we held the opinion that the LIPS-300 ion thruster would take 2 h at least before reaching thermal equilibrium [8] , and the the hot gap barely changes after about 1.2 h in the test.
The change in the alumina pin location is in the range 0.7-0.75 mm, obtained from the hot gap test, and the displacement points toward the ion beam extraction direction. The result shows that the hot gap between the screen grid and the accelerator grid is reduced to 0.25-0.3 mm, while the hot gap between the accelerator grid and the decelerator grid is increased to about 1.4 mm when the grids reach thermal equilibrium.
Displacement-breakdown time test
A displacement-breakdown time test is designed in this paper, and the test adopts a two-grid assembly without the decelerator grid. The test object adopts rectangle cutting in the central area of the screen grid and the accelerator grid with a rectangular shape of 50 mm×80 mm. The cutting area of the screen grid is fixed on the slide rail, and the cutting area of the accelerator grid is mounted on the pole, which can be moved by a stepping motor. A 1600 V DC voltage is loaded between the two rectangle cutting areas to simulate the actual working voltage under 5 kW operating mode of the thruster. The initial gap of the two cutting areas is 1 mm, and the gap can be adjusted by controlling the location of the stepping motor to simulate the thermal displacement of the grids. The step length of this test is 0.01 mm, and the stepping motor stopped at each step for one minute. Then breakdown times are counted in one minute to draw the curve of breakdown times in different gaps. The thermal deformation of these two cutting areas is neglected as there is only voltage loaded; there is no current load. The test process and the breakdown times count curve are shown in figures 3(a) and (b), respectively. Figure 3 (b) indicates that the first breakdown occurs when the gap is 0.26 mm and the frequency increases significantly as the gap decreasing. The breakdown times reach up to six times when the gap is decreased to 0.08 mm where the test is stopped. The test results shows the hot gap change has an important influence on breakdown times, and the minimum safe distance between the screen grid and the accelerator grid is 0.26 mm, which is similar to NSTAR's test results [5] . 
Numerical calculation results
According to the test results, there is a large hot gap change between the grids, which can cause electric field distribution variation and ion beam focus performance change. Therefore, the thermal deformation of the grids is a key influence factor on the thruster's work performance and lifetime. A numerical calculation method is used in this paper to simulate the influence of the hot gap change and the simulation area of ion extraction process, as shown in figure 4 .
The simulation area showed in figure 4 is divided into two regions, which are the discharge chamber region and the ion beam acceleration region, respectively. Research on the discharge chamber region is to obtain the ion density distribution upstream of the grids, and research on the ion acceleration region is to simulate the ion beam extraction process under different hot gap changes.
Ion density in the upstream of the grids
The distribution of ion density in the upstream region of the grids is an important boundary condition for obtaining the ion extraction characteristics using the numerical calculation method. Some references [7, 9] have indicated that an overperveance condition and an under-perveance condition occur when the upstream plasma density is at a higher level and a lower level, respectively.
Fluid simulations have been done by COMSOL to obtain the upstream ion density distribution, where a direct-current discharge module is applied. This module includes the electron continuity equation, electron drift-diffusion equation, electron flux equation and energy equation. The electron driftdiffusion equation and energy equation are given by
where n e and e G are the plasma density and electron flux in the discharge chamber, respectively, and e m is the electron migration coefficient, which is given by e m 1 e e 2 m n = +W ( ) / (n is the frequency of collisions between particles and determined by the electron temperature [10, 11] ).
eB m e n W = / is the electron Hall parameter correction, where the magnetic field intensity B in the discharge chamber can be obtained by Maxwell's equations. D e is the electron diffusion coefficient, which has Einstein's relation with the electron migration coefficient. S en is the energy loss due to particle collisions. n e is the electron energy density and G e is the electron energy density flux, and all have relations with , e m n e and T .
e The electron generation rate R e is mainly composed of the excitation collision and ionization collision and can be expressed as
shows that the electrons are mainly generated by ionization collision, excitation collision and electron thermalization. n i p  is the primary electron generation rate, which includes univalent ionization and bivalent ionization with the same generation rate [12] , n i s  is the secondary electron generation rate by ionization collision, n tem p  is the thermal electron generation rate when a small portion of primary electrons change to secondary electrons for the reduction of the energy during the thermalization process [13] and n ex p  is the electron generation rate of the excitation collision. The primary electron generation rate n i p  can be expressed as equation (4), and the solution forms of n ex p  and n i s  are the same as equation (4), which only changes the density of the different particle types.
where n a is the neutral density, and v ea e s á ñ is the collision reaction coefficient, which is given by Mikellides et al [14] . The thermal electron generation rate n tem p  in equation (3) is ignored because the primary electron's thermalization time is much less than mean time of collisions [14] . Table 1 shows the typical performance parameters for the 5 kW operation conditions of the LIPS-300 ion thruster. The initial conditions, such as neutral density n a , are obtained by COMSOL's single-phase flow (spf) module, where the fluid properties are set to be incompressible. The outlet of the discharge chamber is upstream of the grids, whose boundary condition adopts the pressure boundary, which is obtained by former research results [15] . The electric potential V and the electric field E are both solved by COMSOL's electrostatic module (es). The magnetic field module (mf) is used to solve magnetic flux density B in the discharge chamber, and the input parameter of magnetic current density is set to be 35 000 Am Figure 5(a) shows only a magnetic flux density of 60 Gs is generated, while the highest magnetic flux density is 4710 Gs, which is close to the wall of the discharge chamber for using the circular magnet. The volume enclosed by 60 Gs magnetic contour lines is also called the 'magnetic field-free region', which has an important influence on the ion loss to the anode [16] . Figure 5 (b) shows that the higher anode electric potential is in the discharge chamber, and the potential distribution will cause most of the ions to move upstream of the screen grids by an electric field force to the grids. However, there are also a few ions moving to the hollow cathode keeper by the electric field force, which leads to an ion erosion effect and the lifetime influence of the hollow cathode. , which is close to the density in the outlet of the cathode orifice and the anode gas supply ring. The LIPS-300 ion thruster adopts the back-outlet gas supply method, instead of the front-outlet gas supply method, which is different from NSTAR and NASA's Evolutionary Xenon Thruster (NEXT) [17] . Different gas supply methods will influence the ion generation region. The backoutlet gas supply method leads to the main ionization region being close to the center line of the discharge chamber and can obtain a more uniform ion density distribution, while the frontoutlet gas supply method leads to the main ionization region being close to upstream of the grids and is beneficial to the extraction of ions. Figure 5(d) shows that the electron temperature gradually increases along the axial direction. The axial electron temperature is higher due to a violent collision process with more neutral density and the electron temperature is proportional to the collision frequency. According to Katz's 2D discharge chamber model [17] , the strong on-axis confinement of the primary electrons tends to locally heat the plasma electron population, then generates a high on-axis electron temperature.
The plasma density distribution shown in figure 6 (a) indicates that the highest density is in the axial direction of the discharge chamber, which is gradually decreased when closer to the anode for the reasons of the gas supply method and the potential distribution, as shown in figure 5(b) . The plasma density in most areas of the discharge chamber is in the range of 1×10 18 
-8×10
18 m −3 , and the plasma density distribution in the upstream of the screen grid is shown in figure 6 (b).
The plasma density upstream of the grids is in the range of 6×10
17 -6×10 18 m −3 and the plasma density distribution presents a parabolic characteristic, which is the same as the experimental results [18] . The results shown in figure 6(b) can be used as boundary conditions for the PIC-MCC method. However, a common method is to assume that the upstream ion density of the grids is a specified value [17] due to the difficulty in confirming the inlet plasma boundary of the simulation region and, according to test results shown in figures 1(a) and (b), most of the breakdown and ion erosion occur in the center area of the grids. Therefore, the research object of the PIC-MCC method adopts a single center hole of the grids, and the upstream ion density is set to be 6×10 18 m −3 in this paper, according to the result shown in figure 6 (b). Table 2 shows the key parameters setting of the grids' PIC-MCC calculation method, where r sc and t sc are the radius of the screen grid aperture and the thickness of the screen grid, respectively, r ac and t ac are the radius of the accelerator grid aperture and the thickness of the accelerator grid, respectively, r del and t del are radius of the decelerator grid aperture and the thickness of the decelerator grid, respectively, d s a -is the gap between the screen grid and accelerator grid, and d a d 
Parameter setting of the PIC-MCC method
is the gap between the accelerator grid and the deceleration grid. V , acc V sc and V del are the voltages of the accelerator grid, screen grid and deceleration grid respectively. N m is the upstream plasma density of the grids, and is set to be 6×10 18 m −3 in this paper, T i is the ion temperature, which is approximated with the temperature of the discharge chamber [19] , V p is the plasma potential, T eu is electron temperature upstream of the grids, where the source of electrons is mainly from emissions of the hollow cathode and generation by ionization in the discharge chamber, and T eu is set to be 4.5 eV for the uniform distribution of the discharge chamber outlet shown in figure 5(d) . T ed is electron temperature downstream of the grids where the source of electrons is mainly from emissions of the neutralizer and ionization in the ion plume region [17] . Figure 7 (a) shows the calculation region of the grids with the parameters listed in table 2, where Z 9.4 max = mm is the length of the calculation region and R 2.5 max = mm is the height of the calculation region. The lower left corner of the calculation region is defined as the origin of the coordinate, and the lower boundary is the center line of the grid aperture. The left boundary is located upstream of the screen grid, which is obtained by figure 6(b) , and the right boundary is located downstream of the decelerator grid.
As showed in figure 7(b) , the upstream plasma density and upstream electron temperature are obtained by COMSOL. The downstream density and electron temperature are confirmed in the calculation process. The up and down boundary conditions are both set as a reflection condition by the assumption that the amount of entry is equal to the amount of departure, which means when an ion from neighbor hole injects into the area, another ion ejects out from the area at the same time. The boundary conditions of the three grids are set to be plasma absorption conditions.
A square mesh-grid is adopted in the PIC-MCC method in which the width r D should be less than the Debye length l =á nd the minimum Debye length is calculated to be 3.2×10 −5 m by the maximum plasma density in the center area discharge chamber. Therefore, the mesh-grid width is set to be 2.5×10 −5 m. Time-step setting can obtained by plasma frequency or particle velocity, and the distance moved by a particle in one time step t D cannot be larger than the mesh-grid width, which can be expressed as v t r. max D < D The maximum velocity of a xenon ion can be expressed as = where m i is the ion mass. Therefore, the maximum ion velocity v max is calculated to be about 8.4×10
4 m s −1 , according to the mesh-grid width, and the time step is set to be 1.5×10 −10 s.
PIC-MCC calculation results
The electric potential f is solved by Poisson's equation in the PIC-MCC numerical model of three-grid assembly, which is expressed as e n n 5
where e is the electron quantity, 0 e is the permittivity of free space, and n i is ion density.
Electric field distribution is obtained by
and according to the Newton-Lorentz equation [20] for ions, which is given by
where v i is the ion velocity, q is the ion charge quantity, x i is the ion space position, E and B are the electric and magnetic fields of the ions' current space position, respectively, and B is usually ignored in the course of the evaluation for weak magnetic field intensity in the ion acceleration region.
Electrons in the acceleration region are treated as a fluid whose density is solved by the Boltzmann equation [7] , which indicates the relations between the electron density and electric potential, shown as region when calculating the downstream electron density, which means all the electrons are neutralized, and the electron density, electric potential and electron temperature are all equal to 0.
Elastic collision and charge exchange collision are introduced in the PIC-MCC model whose the collision frequency P [21] can be expressed as
where n t is the charged particle density, v inc is the relative velocity of the charged particle, t D is the time step, and t s is the collision cross-section determined by electron temperature, which is given by Rapp et al [22, 23] .
According the Child-Langmuir equation [24] , the calculated ion numbers for the acceleration area input can be expressed as
where k is the Boltzmann constant and T e is the electron temperature distribution. The initial velocity of the ion that enters into the acceleration region is set as the Bohm velocity, and the initial z direction (axial direction) location is 0, while the initial r direction (radial direction) location adopts a random value. Assuming the incident angle is in a spherical surface, the initial r direction location r 0 is expressed as r R ran , 0 = where R and ran are the height of the calculation area and a random number, respectively.
According to the parameters in table 1 and equations (5)-(10), the ion extraction process simulation results without thermal deformation calculated by the PIC-MCC method are shown in figures 8(a) and (b) , where the gaps between the three grids are all in initial distances.
Figure 8(a) shows that the electric field gradient is more uniform between the screen grid and the accelerator grid, and most of the ions mainly move in a direction parallel to the plume due to the electric field force. Figure 8(b) indicates that the radial ion density is higher in the center of the screen grid aperture, which also shows that the ion location is well distributed in the acceleration region. Ions cannot bombard three grids directly, and the ion focus performance can meet the design requirement. The intercepted current of a single center aperture of the accelerator grid is calculated to be 2.4×10 −4 mA. By assuming the intercepted current to be uniform, with the number of apertures of the accelerator grid, the total intercepted current of the accelerator grid is calculated to be 3.65 mA. The current of a single center aperture of the decelerator grid is 4.12×10 −4 mA, and the total intercepted current of the decelerator grid is calculated to be 6.26 mA with the same assumption.
According to the hot gap test results in section 2.1, the hot gap between the screen grid and the accelerator grid is reduced to 0.25-0.3 mm, while the hot gap between the accelerator grid and the decelerator grid is increased to about 1.4 mm when the grids reach thermal equilibrium. The ion extraction process simulation results with the effect of thermal deformation calculated by the PIC-MCC method are shown in figures 9(a) and (b), where the gaps between the three grids are set as the test results mentioned in section 2.1. Figure 9 (a) shows obvious differences in electric field gradient. The electric field force vector can cause the ions to move toward the edge of the aperture with a large divergence angle. The ion movement trend is shown in figure 9(b) . Figure 9 (b) shows that the ion density decreases rapidly along the distance away from the exit of the aperture, and the ion density is in the range of 1×10
16 -1×10 17 m −3 , which is almost two orders of magnitude lower than the ion density in the upstream region. Figure 9 (b) also shows that the ion location is in an over-perveance condition and some of the ions are directly sputtering at the edge of the accelerator grid, which will cause edge erosion to the accelerator grid. Meanwhile, a number of ions are directly sputtering the upstream of the decelerator grid, which will cause upstream erosion. The intercepted current of a single center aperture of the accelerator grid is calculated to be about 6.88× 10 −4 mA, assuming a uniform distributed intercepted current, . and the total intercepted current of the accelerator grid is calculated to be 10.46 mA. The current of a center aperture of the decelerator grid is 1.2×10 −3 mA, and the total intercepted current of the decelerator grid is calculated to be 18.24 mA with the same assumption.
Comparing with the results between figures 8(a) and 9(a), one can find that the electric potential distribution changes a lot due to the hot gap variation, which also causes the change in ion density distribution. The ion density distribution as shown in figure 8(b) has a small divergence angle and is in the optimal perveance condition, which is opposite to the results of figure 9(b) . The comparison results are consistent with the results of [7] in the high level upstream plasma density obtained in section 3.1. The intercepted current of the accelerator grid increased from 3.65 mA to 10.64 mA as the decreasing of the hot gap, which is increased from 6.26 mA to 18.24 mA in the decelerator grid. PIC-MCC results indicate that the ion beam decreases gradually and the intercepted current of the accelerator grid and the decelerator grid increase with prolonging the working time, which is consistent with the test results and corresponding to the change in the actual work performance parameters of the ion thruster [18] .
Comparison of numerical results and performance test results
In order to verify the accuracy of the numerical calculation results, a performance test of the LIPS-300 ion thruster is carried out. The test lasts about 3.5 h (12 600 s), and its results are showed in figures 10(a) and (b) .
The test process can be described as that there are multiple breakdowns occurred in the first 600 s, and then a relatively stable state is reached. However, the breakdown times increase again at about 4000 s. Meanwhile, an increase in the intercepted currents of the accelerator grid and the decelerator grid are also occurs. After about 20-30 min high breakdown frequency period, the thruster reaches a relatively stable state again, where the intercepted current of the accelerator grid and the decelerator grid increase about three times after an hour operation.
According to the intercepted current curve of the accelerator grid shown in figure 10(a) , we take the results within 1 h as the intercepted current, which is 4 mA without thermal deformation. The result after 1.5 h operation is taken and the intercepted current is about 13 mA with thermal deformation. The result (3.65-10.64 mA) obtained by the PIC-MCC method is consistent with the test results, and the errors are estimated mainly from the test uncertainty of the hot gap. The test phenomenon of the decelerator grid as shown in figure 10 (b) is consistent with that in figure 10(a) , and the calculation result (6.26-18.24 mA) is consistent with the test result (7.5-16.5 mA).
The reasons for the test phenomenon estimate that the temperature of the three grids are in a state of change during the earlier 0.5 h to 1 h when the hot gap is changing slowly, which cause smaller intercepted current and lower frequency of breakdown times. After 1 h, the hot gap decreases to a value lower than the minimum safe distance obtained in section 2.2, and the frequency of breakdown increases significantly. Later meanwhile, the intercepted current raised multiply for the sputtering ion number increasing according to PIC-MCC results. For the reasons of heat conduction effect and heat release effect by the breakdown process, the temperature differences in the three grids decreases gradually and the temperature distribution is more uniform, which leads to a relatively stable hot gap and work status at about 1 h to 1.5 h, as shown in figure 10.
Conclusions
This paper studies the influence of three-grid assembly thermal deformation on breakdown times and ion extraction processes. The hot gap test results without ion beam extraction show that the hot gap between the screen grid and the accelerator grid is reduced to 0.25-0.3 mm, and the hot gap between the accelerator grid and the decelerator grid is increased to about 1.4 mm, when the grids reach thermal equilibrium. The breakdown frequency test result shows that the minimum safe distance between the screen grid and the accelerator grid is 0.26 mm. Ion density in the upstream of the grids obtained by fluid simulation method is in the range of 6×10 17 m −3 to 6×10 18 m −3 , which present a parabolic characteristic, where the electron temperature is gradually increased along the axial direction. The PIC-MCC results show that the ion beam is in optimal perveance status without thermal deformation, and the total intercepted current of the accelerator grid and the decelerator grid are 3.65 mA and 6.26 mA, respectively. Because of thermal deformation effect of the grids, the total intercepted current of the accelerator grid and the decelerator grid are increased to 10.46 mA and 18.24 mA, respectively. The PIC-MCC results indicate that the ion beam is gradually decreased with prolonging the working time, and the intercepted current is raised gradually. Test results show that the intercepted current of the accelerator grid and the decelerator grid are 4 mA and 7.5 mA without thermal deformation, and then reach up to 13 mA and 16.5 mA after 1.5 h with the change in hot gap, respectively. Numerical calculation results are consistent with the work performance test results of LIPS-300 ion thruster, and the error comes mainly from the test uncertainty of the hot gap.
